Background and study aims EUS-FNA has suboptimal accuracy in diagnosing gastrointestinal subepithelial tumors (SETs). EUS-guided 22-gauge fine needle biopsy (EUS-FNB) and single-incision with needle knife (SINK) were proposed to increase accuracy of diagnosis. This study aimed to prospectively compare the diagnostic accuracy and safety of EUS-FNB with SINK in patients with upper gastrointestinal SETs.
Introduction
Upper gastrointestinal subepithelial tumors (SETs) are incidentally found in 0.8 % to 2 % of patients undergoing upper endoscopy [1] . These include lipomas, leiomyomas, aberrant pancreas (pancreas rest), varices, carcinoids, gastrointestinal stromal tumors (GISTs), and lymphomas [1, 2] . Various management options exist depending on the pathologic diagnosis and include surveillance, endoscopic or surgical removal or, in selected cases of GISTs, targeted therapy with tyrosine kinase inhibitors [3] . Therefore, a correct diagnosis is important to guide subsequent management, especially as cross-sectional imaging has low accuracy. EUS-guided sampling has been the technique of choice for tissue procurement from SETs of the digestive tract [1] .
EUS-guided fine-needle aspiration (EUS-FNA) is the usual method of sampling SETs; however, its diagnostic yield is low (about 60 %) and immunohistochemical analysis is only possible in approximately 75 % of cases [4, 5] . Thus, EUS-guided fineneedle biopsy (EUS-FNB) has been developed in recent years for the purpose of obtaining core samples that allow for histological assessment. However, the overall reported diagnostic yield of EUS-FNB is still modest (75 % to 86 %) [5, [6] [7] [8] [9] .
In recent years, the single-incision with needle knife (SINK) technique has been developed to overcome suboptimal results of EUS-guided sampling techniques in SETs. This technique involves initial exposure of the SET with needle knife mucosal incision followed by direct tumor sampling with a forceps [10] . To date, three retrospective studies have evaluated the efficacy of SINK. De la Serna et al. introduced the SINK technique in a retrospective series of 14 cases and reported a diagnostic yield of 93 % [10] . In two other retrospective studies, including 31 and 49 patients, the diagnostic yield was 87 % and 91 %, respectively [11, 12] . Performance of the SINK technique with EUS-FNB is currently unknown. The aim of this study was to prospectively compare the efficacy and safety of EUS-FNB with SINK in patients with upper gastrointestinal SETs.
Patients and methods
This is a single-blinded randomized clinical trial (NCT02282111) conducted at four tertiary referral hospitals (three in Europe and one in the United States). The study was approved by the institutional review board at all participating centers. Eligible participants were adult patients who were referred for EUS evaluation of upper gastrointestinal SETs that are at least 15 mm in diameter. Of note, 10 months after initiation of the study, the minimum lesion diameter for inclusion was decreased from 20 mm to 15 mm due to suboptimal recruitment. Exclusion criteria were endoscopically non-bulging lesions, upper gastrointestinal SETs < 15 mm in size as measured by EUS, lesions not necessitating tissue acquisition (i. e. lipomas, varices), cystic lesions, uncorrectable coagulopathy (international normalized ratio (INR) > 1.5 or platelets < 50,000/µL), patients with stigmata of portal hypertension, patients with post-surgical upper gastrointestinal anatomy (Roux-en-Y gastric bypass, esophagectomy, etc.), pregnant women and refusal to consent.
Randomization and enrollment
Using a computer-generated list, randomization was done in blocks of four and six. An investigator at the coordinating center, without clinical involvement in the study, prepared and distributed randomization envelopes for all participating centers. Patients were randomly allocated with a 1:1 ratio to receive SINK or EUS-FNB. Written informed consent was obtained from all the participants before enrollment in the study. All data were collected using the same case report form.
EUS-FNB technique
Linear EUS was used with color and pulsed Doppler to scan the area for vessels. The lesion was then sampled with a 22-gauge reverse beveled needle (ProCore, Cook Medical Inc., WinstonSalem, NC) using the slow capillary suction and fanning techniques with five to 15 to-and-fro movements with each pass. A total of four passes were performed and then the procedure terminated. No cytopathologist was present to review the specimens. If the samples were of insufficient quality as per the impression of the endoscopist (defined as obtaining only tiny fragments, no visible core tissue or it appeared that only blood clot was present), an alternative method (e. g. EUS-FNA, SINK, etc) was performed at the discretion of the endoscopist.
SINK technique
A conventional needle-knife sphincterotome (Microknife XL; Boston Scientific Inc, Natick, Massachusetts, United States) connected to an electrosurgical unit (ERBE, Tübingen, Germany) was utilized. The setting used was ENDOCUT I, Effect 3, Duration 2 and Interval 1. Under direct endoscopic vision, a 6-to 12-mm linear incision was made from the periphery of the lesion to its highest convexity zone. Care was taken to make the incision deep enough such that it penetrated the mucosa and submucosa. A conventional biopsy forceps (Radial Jaw4, Boston Scientific, Natick, Massachusetts, United States) was then introduced through the incision, and two bites were obtained per pass. A total of four passes were performed by passing the biopsy forceps through the incision on each occasion. In case of technical failure, the endoscopist was permitted to choose another method to obtain biopsies (e. g. EUS-FNB, EUS-FNA, etc.). The mucosal incision was then closed with endoclips whenever possible (▶ Fig. 1 ) [10] .
Pathologic evaluation
Specimens were placed in buffered formalin and processed as normal forceps biopsy specimens with special care taken not to lose small specimen fragments. Pathologists did not have any knowledge of which techniques were used. All other clinical history and endoscopic information were provided. The specimens were subjected to immunostaining at the pathologist's discretion.
Follow-up
Patients were observed for immediate complications in the recovery area for 1 to 2 hours and were discharged on the same day. Telephone contact was made the day after the procedure as well as 1 week later to monitor for any delayed adverse events (AEs). Long-term clinical follow-up was determined by the pathological findings.
Final diagnosis and definition
In the absence of surgical resection, histologic diagnosis made by either technique was considered the gold standard. When diagnosis could not be made based on the histology, a definitive diagnosis was established on the basis of long-term follow-up, surgery, or repeat biopsy. A positive diagnosis of a specific malignancy or of a specific benign disease by either technique was accepted as a true positive. A histological diagnosis of atypical cells or abnormal cells was considered as a negative result. For malignancy, an "accurate diagnosis" was considered one in which a tissue diagnosis obtained was compatible with that seen by subsequent surgery, alternative biopsy method, or clinical follow up. The diagnostic accuracy was defined as the ratio between the sum of true positive and true negative values divided by the total number of cases with final diagnosis.
Outcomes
The primary outcome was to compare the diagnostic accuracy of EUS-FNB with SINK. The secondary outcomes were to compare histological yield, technical failure (inability to complete the four assigned passes as determined by randomization), AEs with their severity being rated according to ASGE lexicon [13] , procedure duration (time from the beginning of the incision or needle insertion, to completion of tissue acquisition per protocol) and contribution of immunohistochemistry (when needed) between the two techniques. incision was made using a needle knife exposing the subepithelial tumor. c The tumor was then directly sampled with a biopsy forceps. d The incision was closed using hemoclips.
Study statistics
The hypothesis of the study was that the diagnostic accuracy of SINK technique is "superior" in obtaining histological samples as compared to EUS-FNB technique. With the assumption that the diagnostic yield of EUS-FNB be 70 % [5] and that of SINK be 95 % [10] and considering α = 5 % and 1-β = 80 %, the required sample size was calculated as 36 patients in each group. Having considered a 20 % drop-out rate, a total of 90 patients, 45 in each arm was calculated. It should be noted that the 70 % assumed diagnostic yield was selected based on publications using the Trucut needle [5] . The reason was that at the time of the study design in 2013, there were no studies using FNB. The study was terminated after randomization of 56 patients. In fact, the interim data analysis demonstrated that based on the accuracy in both groups, 131 patients in each group would need to be recruited to achieve differences with statistical power to be as high as 80 %. Such a potentially high number of patients together with the slow recruitment made the continuation of the study not feasible and we decided to close the inclusion.
The study results are reported as mean and standard deviation (SD) or median and interquartile range (IQR) for quantitative variables and percentages for categorical variables. Continuous variables including age, greatest diameter of the lesion and procedure duration were compared by Student's t-test or Mann-Whitney U test where appropriate. Categorical variables were compared using chi-square test or Fisher's exact test. All statistical analyses were performed using SPSS software (version 17.0; SPSS, Chicago, Illinois, United States), with results considered significant at P < 0.05.
Results
A total of 93 patients were assessed for eligibility between September 2014 and July 2017, of whom 56 were randomly assigned to EUS-FNB (n = 26) or SINK (n = 30) (▶ Fig. 2 ). The mean age was 67.41±12.7 years with a slight male preponderance (n = 31, 55.35 %). There was no statistically significant difference between the two groups in terms of baseline characteristics (▶ Table 1 ). The majority of lesions in both groups were GISTs (17 (65.38 %) in the EUS-FNB group versus 12 (40 %) in the SINK group; P = 0.06) (▶ Table 2 ). The index procedure was the most frequent diagnostic method used to establish the final diagnosis.
EUS-FNB and SINK were successfully performed in 96.15 % (95 % CI, 81.10 %-99.31 %) and 96.66 % (95 % CI, 83.32 %-99.40 %) of cases, respectively (P = 1.0). Technical success and other major outcomes of the study are described in ▶ Table 3 . In one patient in the EUS-FNB group, the procedure was aborted before obtaining biopsy due to difficulty in advancing the needle through the lesion which was in the stomach. The EUS-FNA was then used as an alternative approach (2 passes using 22-gauge EchoTip needle) which was not successful in yielding a histopathological diagnosis. Finally, surgical pathology confirmed the diagnosis of schwannoma. Similarly, one SINK procedure failed due to intraprocedural bleeding. In this patient, the diagnosis of GIST was confirmed by surgical pathology.
In the SINK group, the mean ± SD length of incision was 8.53 ± 1.75 mm. In 22/30 (73.33 %) patients, endoclips were successfully used for incision closure with the median (IQR) number of 2 (1-2) clips. The median (IQR) procedure duration was 12 minutes (range [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] in the EUS-FNB as compared to 11 minutes (range 8-17) in the SINK group (P = 0.79).
The rate of AEs was 7.69 % (95 % CI, 2.13 %-24.14 %) in the EUS-FNB group as compared to 10 % (95 % CI, 3.45 %-25.62 %) in the SINK group (P = 1.0). Specifically, there was one patient with mild and one with moderate abdominal pain in the EUS-FNB group which were managed conservatively. In the SINK group there was one patient with mild abdominal pain that was managed conservatively and two delayed bleeding episodes occurring 6 days after the procedure. One of the bleeding episodes presented as a self-limited melena in a patient with a plexiform angiomyxoid myofibroblastic tumor and was rated as mild; the other one was rated as moderate occurring in a patient with a 23 × 24 mm GIST ultimately requiring arterial embolization. In the latter patient, the index procedure had been complicated with immediate bleeding controlled by endoclips and a detachable snare. Final diagnosis was made by the index procedure and surgery in 34 patients (60.71 %) and 14 patients (25 %), respectively. In particular, the index procedure was the final diagnostic method in 11 patients (42.15 %) and 23 patients (76.66 %) in the EUS-FNB and SINK groups, respectively. In the same way, surgical pathology was the method of final diagnosis in 10 patients (38.46 %) and four patients (13.33 %), respectively. Apart from three patients (5.35 %) with inadequate sample who were lost to follow-up with unavailable final diagnosis, the remaining seven patients (12.5 %) were diagnosed either by surgical pathology, clinical follow-up at 6 to 12 months or alternative diagnostic methods including EUS-FNA done at the time of procedure in one patient as well as repeat SINK done 6 weeks later at a separate session in two patients. The EUS-FNA led to the diagnosis of leiomyoma and repeat SINK diagnosed one GIST and one heterotopic pancreas.
In the calculation of diagnostic accuracy, we excluded one patient in the EUS-FNB group and two patients in the SINK group who were lost to follow-up and did not have a final diagnosis (▶ Fig. 2 ). There was no significant difference between the two groups in terms of diagnostic accuracy for malignant or benign disease (19/25 [ Table 2 Final diagnosis of lesions. 
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Discussion
Gastrointestinal SETs constitute a subset of lesions in which a histological diagnosis with immunohistochemistry is deemed necessary for the diagnosis. Although EUS-FNA has a high accuracy in most clinical settings [14] [15] [16] , its accuracy is lower in this type of lesions [4, 5] . EUS-FNB provides a core tissue biopsy which could theoretically be more useful than EUS-FNA in patients with SETs. Studies evaluating the use of EUS-FNB, have reported an overall accuracy ranging from 74 % to 86 % for this technique [4, [7] [8] [9] ; results that are not very different than those obtained using EUS-FNA. Of note, in a meta-analysis of 17 studies including 978 procedures [4] , the diagnostic yield of EUS-guided sampling for upper gastrointestinal subepithelial lesions (SELs) was reported as 60 % (95 % CI, 55 %-65 %). This study concluded that EUS-guided needle sampling is only a moderately effective method for pathological diagnosis of upper gastrointestinal SELs and neither the procedure type (FNA or FNB) nor the needle size affected the overall diagnostic rate. However, a very recent study suggests a potential role for EUS-FNB for the acquisition of adequate samples for IHC analysis [17] . There are only three studies evaluating performance of SINK [10] [11] [12] . All of them were retrospective studies with between 14 to 49 patients. One study reported SINK to have a diagnostic yield of 93 % and found it superior to EUS-FNA in providing a final histological diagnosis (75 % vs. 12.5 %; P = 0.23) [10] . In the other two studies, however, the performance of SINK was reported as 89 % diagnostic accuracy in one [11] and 86 % tissue sufficiency to reach a definite pathologic diagnosis in the other [12] . Small, retrospective studies have inherent issues including being prone to biases and confounding factors. The aim of this study was to prospectively determine whether SINK is superior to EUS-FNB.
The current study is the first randomized trial specifically designed to compare efficacy and safety of EUS-FNB and SINK in patients with upper gastrointestinal SETs. We hypothesized that SINK was superior to EUS-FNB in diagnosis of upper gastrointestinal SETs. Although the diagnostic accuracy of SINK was numerically higher than that of EUS-FNB, the difference between the two rates did not reach statistical significance. Of note, the 76 % diagnostic accuracy for EUS-FNB in our study was comparable to other studies reporting rates of 75 % to 92 % for EUS-FNB using similar 22-gauge ProCore needle [6, 18, 19] . In the same way, the 89.28 % diagnostic accuracy of SINK was comparable to the rates of 87 % to 93 % reported in other studies [10] [11] [12] .
When IHC was deemed necessary for diagnosis, in this study SINK was superior to EUS-FNB for obtaining tissue samples which were suitable for IHC. These results are similar to a study by Shimamura et al. in which 91 % of samples obtained by SINK were suitable for immunohistochemical evaluation [12] . Of note, although the 22 % difference was not statistically significant, from clinical standpoint the difference could be considered as a significant finding given the pivotal role of IHC in proper diagnosis of gastrointestinal SETs.
With respect to AEs, and in contrast to prior studies that reported a 0.4 % risk of severe bleeding [20] , we did not find any hemorrhagic AE following EUS-FNB. In addition, there were no episodes of sepsis or fever suggesting the use of prophylactic antibiotics when using a 22-gauge reverse beveled needle or doing SINK. However, in contrast to prior studies of SINK for SETs, there were two delayed bleeding AEs [10] [11] [12] .
Several studies have investigated the accuracy of different EUS-guided tissue sampling combinations and demonstrated that adopting a combined rather than single-technique approach will improve the diagnostic accuracy [21] [22] [23] . With this in mind and given the fact that the rate of successful immunohistochemical analysis on adequate samples in our study was higher with SINK than with EUS-FNB, and that the adequacy can be easily assessed by the endosonographer, one possible strategy is to perform SINK initially followed by EUS-FNB only if it fails. Based on this, the next step would be comparison of either SINK or EUS-FNB alone with the combination of the two ▶ techniques. Finally, with the advent of newer Franseen and forktip needles with reported promising diagnostic yield, conducting randomized trials comparing SINK with EUS-FNB using these new needles is warranted [24, 25] . The major strength of this study is that the EUS-FNB and SINK were compared in a randomized fashion. Further, the multicenter nature of the study enhances the generalizability of the trial. The main limitation of this study is that we included fewer patients than the calculated sample size. As discussed above, the recruitment of 131 patient is each group seemed unfeasible given the slow recruitment rate. The second limitation is that the design of the study could have been detrimental for the EUS-FNB because of the following reasons: the design was not cross-over and the number of GIST was slightly higher in the EUS-FNB group (65.38 % vs 40 %). This type of tumor is the most difficult to diagnose and for the SINK technique to be feasible, we only included bulging tumors measuring 15 mm or more. Given that EUS-FNB can be used for smaller non-bulging tumors, had we included lesions smaller than 15 mm in a crossover design, the results could have benefited EUS-FNB.
Conclusion
In conclusion, in this prospective, randomized, multicenter study, EUS-FNB and SINK have a similar overall performance for the diagnosis of gastrointestinal SETs although SINK can be associated with mild to moderate delayed bleeding. This study suggests EUS-FNB as first line technique for gastrointestinal SETs whereas SINK could represent a salvage technique after failed diagnosis with FNB for intraluminal SETs. Of note, proper qualification of the lesion by EUS is warranted when SINK is chosen to be done.
